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1. ɖ˴Àˠ (ˆů͋) 
ACMG  the American College of Medical Genetics and Genomics 
AMP  adenosine monophosphate 
CADD  combinedannotation%dependentdepletion 
cDNA  complementary DNA 
CFCS  Communication Function Classification System 
CGH  comparative genome hybridization 
DNA  deoxyribonucleicacid 
ESP6500 theNHLBIExomeSequencingProject 
GATK  theGenomeAnalysisToolkit 
GMFCS Gross Motor Classification System 
HGVD  theHumanGeneticVariationDatabase 
MACS  Manual Ability Classification System 
MRI  magnetic resonance imaging 
mRNA  messenger RNA 
OMIM  Online Mendelian Inheritance in Man 
PCR  polymerase chain reaction 
RNA  ribonucleic acid 
SGA  Small%for%gestationalage  
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2. ɏ˴ˤ˶ 
<ʸư͝ɟȋʳ˭æx= 
GMFCS ʌş̙ĘʳĒą͔±8ʸư͝ɟƱʪ`ɼĘʳĒ_u]Z 8%A
` -Ȗ̻_ą͔lq88aÔĕ
Č̷^M[ɼĘİʳ7AaþÔĕ8 
MACS  ƽǉǔâʳĒą͔±8ʸư͝ɟƱʪ`Âʭ`Ɗʠ̙Ę7Ʉ_
Ƀ`ǔâ_u]Z 8%A ` -Ȗ̻_ą͔lq88aƃi]l`lŻǦ_
ǔâİʳ7AahGʊĢ^ǔâ͢®¼uǁl^]ͣlÄİʳ8 
CFCS  °µ¿¶¼ʳĒą͔±8ʸư͝ɟƱʪ`Õʪ\`ƴ
Ưɘ̓`ʳĒ_u]Z 8%A ` -Ȗ̻_ą͔lq88a͘ǹi`^]Õ
ʪ\løą_ɩÎ`ƴƯɘ̓Eİʳ8Aa͘ǹi`?qÕʪ[Ǭė^
ƴƯɘ̓EŊ́8 
<ʸư͝ɟɛŐą͔= 
ɝưÇ͝ɟ  ÇÃʭ`ɝư͝ɟuĺlql`8ɝư͝ɟ_aʣƱMTņʭ`ʉŋ
_ƬkZɝưÇ͝ɟ×ŝ_ɝưĢ͝ɟ7Ɂ͝ɟ7Áʭ͝ɟ7ņʭ͝
ɟ`ą͔E?q8 
Ţ˸Őʸư͝ɟ ̙ĘŢ˸^]`ƃʸ̾Źuĺlql`8 
x¿Őʸư͝ɟ Ä̼ƴ̙Ę͢xͤˀ̙̅Ę^]ͣuĺlql`8 
ȬĳŐʸư͝ɟ Â˧Ĳą͔`ɜíuãQlul`8 
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<̡ÜŭŜɗ`ɛɤ˭æŔȱ= 
ACMGz·z¼ Ǳɳʀ_C]Zax²¸ʽƖ̡Ü¾ ±ŲÛE 
2015ƒ_ǐŁMT:Standards and guidelines for the 
interpretation of sequence variants: a joint consensus 
recommendation of the American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology;uǉl8
̡ÜŭŜɗ`ɛɤƴʦuĲ×¿«¿m}¥×¼uĦʩ
_ 5Ȗ̻͢Benign, Likely benign, Unknown Significance, 
Likely pathogenic, Pathogenicͣ_ą͔lq8 
<ɡ̜ȂǺ¾ɱʳȂǺ= 
̞őžƚɡ̜ȂǺ ̙ĘͤɸÛưͤɋˤ¾˥˴`͍ͧŒ`ͩ́ł͊ɧaoȅƹi
r7ɍƤ 0aǫao˭æEİʳ8ɡ̜ƒ͟\ŵƒ͟`βua
o7ɡ̜ǉǚ͢ȐƏ = 100ͣuʇĄ[cq8 
Ǟɂ Kƚɡ̜ȂǺ ūę¾̙Ęͤ˲ɱ¾̟Ƭͤ˥˴¾ɸÛ`͍ͧŒ_u]ZȂʪ
\˗Ȃʪ`ͥſͥ`ìĊȂǺ_npɍƤͧaǫɽƗaoɡ̜
ǉǚuʇĄlqJ\[˭ælq8̞őžƚɡ̜ȂǺ\ɗ^
p7Ȃʪ_?qɽƗ`ʧȿEƫ˜8
ɐÈ¥¿ƚɱʳȂǺ¥¿ƚɱʳȂǺ`Àɾ8ʍɺƒ͟\ɍȥƒ͟`β_npɱ
ʳǉǚ͢βɈ 8?ͣuʇĄlq8*ȒɽƗao˭æEİʳ8  
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3. ˜ʐ 
ɳʀʯǨ2ʸư͝ɟ\a7ÊüǮh[_ơƹirq̗ͅ˔ư`ʸ̾Ź_̂ňlq̙Ę
\ūę`ɡ̜`ɗƏuĚǇlqȄƮ[?q8ʸư͝ɟ`͏Ɨa2å/1000Ąɍ\͜
G7̩ɜå[aĞɠʗȭɤ˿ǃmɸÛɤ˿ǃlşc]8ʸư͝ɟ`ĤňaŞȆ[7
ļɎǮ`à̧ʒưʸɜmǞɍüØȔ^]EÉ^Ĥň\MZǊIorqÀǟ7̎ƒʸ
ư͝ɟ`14%_í˘̡ÜŭŜɗ79%_¦¿ǚɗƏEȂĄirT\]AŕĻE?
q8ł͐a7]`Ȇ^Ʉƪuǈuʸư͝ɟȆ`ɜåE̡Üŭ¾ǹ˃á_̂ňlqİ
ʳưE͜]auɷlĚǇɤ^ɳʀa˔trZ]^]J\[?q8ÓŇ7Ŏʰ̖ǚ\
ʸɔôEo`̮_^q\Ø˶uʂZT8hP7ǤǮɎüaȰǮɎü_βf7aqa
_ʸư͝ɟ`ǬɛɈE͜G7Ɍř˜ň_nqʸư͝ɟɜåEŞ]J\Eɷŀir
q8ȰǮɎüuſ˾\lqJ\[̡Üɤ˜ňE̵tqİʳư`͜]ʥuǂĄlqJ
\Eİʳ_^q\ʩBT8io_7o`ɜåʥaoʸĄ˓mà̧ʒưʸɜ^]`Ɍ
ř¾ƤŠɤ˜ň_nqɜåm7ʸɥ́ơƹɗƏmɣ́ʸɜ^]`ʸư͝ɟ\ǥoa
_ɗ^qɜåu̢͎ɔô_np̹ŝlqJ\[7Ĥň˫ǝEŊ́[?qʸư͝ɟ`
Àʥ_ėɈɤ^̡ÜŲɤ˫ǝu˔Bq\ʩBT8
ǟȠ2ſ˾ɜåuŸőɫʂJ]lɛ̸`ʸư͝ɟ897ĵ`AsȰǮɎauɄɗɤ^ʸ
ɔôƼ˝ulT^]Àʥ_˨ŴMT8Â˧ſ˾Ʊʪʥ107źʏ`As7Ĵƴ\ȂáǍ
ĬEİʳ[?WT)/źʏ`7<6Ȃáuī̿M7¸ơƚ	Ʊʪ\Çˡ[þ}
¿±ˤǶ	ȍÆÖ¿}¼¿_nqþ}¼`ʝʤɤ̡ÜŲɤˤǶCnd
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¯z»xºzCGHˤǶ	Ʃʕ^ǹ˃áȌŢ¾̩˚uȂĄu˔WT8©·z
̢ß`Ŝɗ	CTNNB1CndAMPD2_u]ZaƱʪ˓ȩao̒̈ĂPCRu˔A
J\[ɗƏ^²¼´¿RNA`̣ćuɶ˲MT8hTAMPD2°¼Ŝɗ
_u]ZaƠ˰ƱʪɑǴ`¸¼£˅Ɋʕʱuɏ]Z×x°¿xzu˔]7
ðƏƹÒ`ʕʱ`ʘǷ\β̊lqJ\[ȋʳˤǶu˔^WT8Jro`ȂĄirT
̡ÜŭŜɗuʋōʽƖ̡Ü¾ ±ŲÛ`z·z¼_ȟWZɛɤƴʦu˭æM
T8
ʘǷ2Ǣɱ`ɚƱĤň̡Üŭ`i[17ĵÈ9ĵ_8u`̡Üŭ	CTNNB1ͤ
CYP2U1ͤSPASTGNAO1CACNA1AAMPD2STXBP1SCN2A`í˘
ŜɗuȂĄMT8Jraſ˾u̠ĊMZ^]ʸư͝ɟ`Ǣŕ_βfZǬƴ	98åÈ
14åͤp < 0.005ͤFisher’s exact test_͜Ɉ[?WT8hT79ĵÈ6ĵ`Ŝɗ̡
Üŭ	CTNNB1ͤCYP2U1ͤGNAO1ͤCACNA1AͤAMPD2ͤSCN2AaZva
vưʸɜmɝưſ͝ɟ`ɺʗɚƱĤň̡Üŭ\MZŕĻirZ]qE7ʸư͝ɟ\
MZ`ŕĻaĈkZ[?WT8©·z̢ß`Ŝɗ_u]Za]Prl©·z
¼ɗƏÊcZ]qJ\Eɶ˲[c7o`ʘǷ¼£`ɲʡÊJqJ\E
ËƳirT8ƱʪɑǴ`ʕʱ[aðƏʪɑǴ`ʕʱ\β̊MZAMPD2×x°¿
ȥưE.(͡ɽƗȮƄMZ]qJ\Eɶ˲irT8Àǟ[ǱƱʪʥ_ɛɤŜɗEət
rq¦¿ǚɗƏa˲k^aWT8
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ʩŽ\ÓƤ`˷͐ͬŎʰ̖ǚ\̢͎ɔôaʸư͝ɟƱʪao̡ÜɚƱuǂĄlqȻ
`̩˜^ƽEap_^pAqJ\uɷlJ\E[cT8ʸư͝ɟao`ėɈɤ^̡
ÜɚƱ`˫ǝ¾ą̀a7ìV`Ʊʪ`Ȟɠ7ËƤËȯ7̡Ü{¼¸¼_ɨǎ
ɤ_żÅlqJ\E[cq\ʩBorq8ɜåǚEƄ^]Tk7Ǳɳʀ`ɱ˝uÀ
ˁělq_aÓƤ`ɜåǚ`ˌɿ7CndǱɳʀ`̠ǀŔȱ_ƠZaho^]ʸư
͝ɟʥ`ĴÀǳÙÃ[`̡ÜŭŜɗɄŴɈ`β̊Eƫ˜[?q8 
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4. ɳʀʯǨ
ʸư͝ɟaƃüǮ`̆á̾Ź`Ĥň\MZ̩˜^ɚƱ`Àu[?p :ͤĭʰaoǞ
ɍüǮ`?]U_ɍkTʸ`̗ͅ˔ưɛŜ_ŔYGͤȝʜɤ^MaMŜěMAq̙
ĘCndūę`ɗƏ[?q;\ŴʦirZ]q 1)8J`ŴʦEɷlnA_ͤʸư͝
ɟ\aĢÀ`ɚƱȄƮu˖ll`[a^Gͤo`ĤňmɜɅ̩ͤɜƗ_aƐE?
q8ʸư͝ɟ`͏Ɨa 1000Ąɍ?Tp 2å\͜G̩ͤɜå[aĞɠʗȭɤ˿ǃmɸ
Ûɤ˿ǃlşc]8É^ĤňaļɎǮ`ƶǹͤà̧ʒͤǞɍüØȔmǤɎü`ñʸ
ŷļŋɣ́̇ěɜ^][?qEͤĤňÄǥ`ʸư͝ɟɜålƄ^G^] 2)8̡Üɤ
˜ň\Ɍř˜ň`ĩǟEʸư͝ɟ`Ĥň_̵ÅMZ]q\ʩBorZcTEͤ̎ƒ
`ɳʀ[aͤƦǴƳŴirZ]T 1%2͡npl͜]ɶɈ[̡ÜŭŜɗmǹ˃á`
¦¿ǚɗƏEʸư͝ɟ`ɛň_̵ÅMZ]qİʳưE?qJ\EɷŀirZ]q
2)8åBbͤ(+(*D)J oa 10 ɜå`ʸư͝ɟƱʪ\o`Çˡ_¸þ}¿
±ˤǶu˔]ͤ),ɜå_ɛɤ̡ÜŭŜɗu˲kT\ŕĻMͤ=/IKM+ oaʸư͝ɟƱ
ʪ 115ɜåÈ 11å͢9.6%ͣ_Ǭƴ^ǹ˃á¦¿ǚɗƏu˲kT\ŕĻMZ]q
3,4)8Àǟ[aͤļɎǮ`Ɍř˜ň͢ǞɍüØȔmʸĄ˓^]ͣ_nqʸư͝ɟ\̡
ÜŲɤɗƏ_nqʸư͝ɟuĝĊlqTkͤƤʪuʸư͝ɟ\˵WZ˫ǝirT̡
ÜɚƱ\ǌBq˝ǟlǐŁirZ]q 5)8]Pr_MZlͤŞȆ^Ĥňao^qʸ
ư͝ɟʥaoJro`̡ÜŲɤɗƏṵĊlqJ\aƱʪ`̟Ć^ȞɠͤËƤË
ȯ̡ͤÜ{¼¸¼^]u˔AÂ[ȃkZ̩˜[?qEͤʸư͝ɟ\˫ǝir
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TƱʪ`Asͤ]`nA^ɄƪuluƱʪʥ_ſMZ̡ÜŲɤȂʓu˔Afcaa
ɉǧȺ[aǥoa_^WZ]^]8Ǳɳʀ[a7Ŏʰ̖ǚ\̢͎ #8 ɔô_ɮɧM
T8̎ƒ`²x¸`ɳʀ[aŎʰ 37̖ǯȰ`ǤǮɎü_C]Zaʸư͝ɟ
`¸Eđɤ_͜hqJ\EɷirZ]q 6)8JraǤǮɎü_C]ZɌř˜ň
e`ʴƝưuɷMZ]q\ʩBorͤØ_ǤǮɎü\ȰǮɎü_C]Z̡ÜɚƱ`
ǬɛɈEĴʅ[?q\ØŴlq\ͤʸư͝ɟ\˫ǝirqɜå`È_̡ÜɚƱEĸ
hrqɶɈaȰǮɎü[np͜]\ʩBorq8MaM7Ǜɇɤ^ʩŽ[aȰǮɎ
`ʸư͝ɟ_ȼȺuʙWZ̡ÜŲɤȂǺu˔WTɳʀa^]8ēBZ̢͎ͤMRIɔ
ôaʸư͝ɟ`˫ǝm̰Ċ˫ǝ_̩˜^l`[?pͤʸư͝ɟ`É^Ĥň\irZ
]qà̧ʒưʸɜmʸĄ˓ͤʸŷļŋɣ́̇ěɜ^]`̡ÜŲɤ^̵ÅEƄ^]˜
ňm 7ͤ8)ͤo`Õ`˫ǝx©»¿ͤåBbÖ˼¸¿¼ȂǺm¿
¿}¼^]uɏ]qJ\[˫ǝ[cqɚƱ͢COL4A1Ŝɗ_nqŮʸɜ 9)m
­³¼Ɔɜ_nqʸǿŗ 10)^]ͣu̹ŝlqJ\E[cq8o`Tk̢͎
MRIɔô[Ʉɗɤ^Ƽ˝uɷi^]ɜåuˤǶſ˾\lqJ\[ͤþ}¿±ˤ
Ƕ_nWZ̡ÜŲɤɗƏuɡ˝[cqİʳư`͜]ƱʪʥuǂĄ[cq\ʩBT8
×Â`ʯǨ\Ø˶_npͤǱɳʀ[a	1) Ŏʰ 37̖×Â[ĄɍMͤau(2) ̢͎
MRIɔô[ȐƏlMGaͅɄɗɤ^Ƽ˝uɷMTʸư͝ɟ`Ʊʪʥ_ſMþ}
¿±ˤǶ\¯z»xºz CGH (Comparativegenomehybridization: β̊ ±
¡z¨¸z¿¶¼) ˤǶu˔WT8 
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5. ɳʀɧɤ
×Ã`ÁȺuǱɳʀ`ɧɤ\MT8
I	ÀŴ`ǳÙ_ƠZahqʸư͝ɟƱʪʥ`̡ÜŲɤˤǶ_npͤí˘̡ÜŭCn
dǹ˃á¦¿ǚɗƏuĴŴlq8
II	í˘̡Üŭ`ȋʳˤǶuƫ˜_ƬkZ˔]ͤĤň̡Üŭ[?qJ\uˬǥl
q8
III	ǳÙ_ƠZahqʸư͝ɟƱʪʥ[`̡ÜŲɤɗƏ`ȂĄɈuǥoa_lq8
 
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6. ɳʀǟȠ
8	 ˤǶſ˾
1990ƒ 9ǫ 1ǣao 2016ƒ 12ǫ 31ǣ`̴_ǄǽĞɠɠʮ¼¿	ɉŸőɫ
ʂJ]lɛ̸_ 897ĵ`ʸư͝ɟƱʪE̸̓MZ]T8Jro`ʸư͝ɟƱʪaɝ
ɨŐ(ſ͝ɟͤÁʭ͝ɟͤņʭ͝ɟ)ͤx¿ŐͤŢ˸ŐͤȬĳŐ_ą͔irZ]
T8o`As(1) ǥoa^ƤŠɤ˜ňE^Gͤ(2)Ŏʰ̖ǚ 37̖×Â`ͤ(3)̢͎
MRIɔô_CeqƼ˝EȐƏlMGaÕ`ɚƱEɷŀir^]ͅɄɗɤƼ˝[?
qͤ\]A 3u`ǳÙuȰTlƱʪa 107ĵ[?WT8Jro`Asͤ17ĵ\o`
Çˡ͢17źʏͣ`Ĵƴ\ȂáEƧorT8͢ Ō 1ͣ
 
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88	 ïɋ
Ǳɳʀ_C]ZaͤǵĜşŲşŲ̸ĞŲʏɳʀɻïɋŪĿÛCndŸőɫʂJ]l
ɛ̸[ƿ˲	*()-%)%.1,*()-%)%.1-irT :ͤ¤ ±¾̡ÜŭˤǶɳʀ`˶ǥ
\ġĒ`C͓];Cnd:¤ ±¾̡ÜŭˤǶɳʀe`ġĒ`ĴƴǛǩ;_n
pǱɳʀ\ˮǜǍĬ`ĞŲɤƴʦ_u]Z˶ǥu˔WT8ÇˡCndƹÒƱʪǱÒ
aoaǛǩCndĮ͎[`z¼§~¿±¼¼7ǯƹƒƱʪlMGağą^
˶ǥ_C]Zl̟Ć^ĴƴuƧqJ\EŊ́[?qƹƒƱʪ_C]ZaÖ˺ʪao
z¼§~¿±¼¼uƧTAB[ͤ˓ȩCndʽƖƲŕuī̿MT8ǯƹƒ
Ʊʪ_C]Zaİʳ^̷pz¼§~¿±x¼uƧqnAĖkT8
 
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888	 ǟȠ
) ʽƖƲŕī̿
ĲV`Ʊʪ_ucͤ¹npʽƖɤ×¿uī̿MT8o`͊ɧaͤư
ĊͤļɎǮȓͤŎʰ̖ǚͤĄɍǧá̩̱͎ͤ̆ͤŋͤǞɍüǮ`ɛȓͤʸư͝ɟ
`z©ͤĳãɜ̢͎ͤMRIɔôƼ˝ͤʸư͝ɟ`ȋʳ˭æx͢GMFCS 
%GrossMotorClassificationSystem: ʌş̙ĘʳĒą͔±&ͤMACS 
%ManualAbilityClassificationSystem: ƽǉǔâʳĒą͔±&ͤ
CFCS%CommunicationFunctionClassificationSystem: °µ¿¶¼
ʳĒą͔±&ͣ11%13)^][?q8ʸư͝ɟ`z©aǢŕuö_ͤɝɨŐ
(ſ͝ɟͤÁʭ͝ɟͤņʭ͝ɟ)ͤx¿ŐͤŢ˸ŐͤȬĳŐ_ą͔MT 14
15)8MRIǓƣaǵ˄˙MRT50A͢0	5 TeslaͣlMGaƇȤ%Marconiɸ˙
MagnexEclipsescanner(1	5Tesla) uäɏMT8
 
 16 
* ̡ÜŲɤȂǺ
	) DNA`ǂĄ
ſ˾ƱʪʥCndĲƱʪ`Çˡ` ± DNA(deoxyribonucleicacid2×
¸®ǻ̧)aͤPAXgeneBloodDNA(x¼ͤ¤¹×¼ͤz)u
ɏ]ZǰȀ̈́ʵ˓aoǂĄMT8
	* xºz CGHˤǶ
xºz CGHˤǶ_aͤSurePrintG3HumanCGHSNP¯z»xºz4
O180K(xº¼ »¿ͤ¼··ͤx²¸)uäɏMT8ˤǶ
_aͤ¼©¹ DNA1	5QgCndưǹ˃á`¦¿ǚɗƏuĉĊlqTkưĊ
uĳʿiQTǣǱÒ`ðƙƹÒ`ſȾ DNA1	5QguäɏMT8˙̔ö`©»
¿¹_ƦWZͤČ̷̥ʒuɏ]ZĆǝMT DNA_˒û˃ʒ Cy3(ſȾ)ͤCy5
(¼©¹)_nqȇ˽ĪƬ(·«¸¼)u˔WT8·«¹ě DNAuʍ˙ȹʡMT
`s_ͤ¼©¹CndſȾ`·«¹ě DNAuĴ̫ȬľMͤxºz·zÂ
[ͤ656ͤ20rpm[ 24ǧ̴¡z¨¸ziQT8¡z¨¸zƤͤxºz
·zuμȧMͤDNA¯z»´[´¼MT8¦¿ǚŜěa
CytoGenomics2	5(xº¼ »¿ͤ¼··ͤx²¸) uɏ]Z
ȂĄMͤo`ɛɤƴʦa CytogenomicArrays(ISCA)×¿«¿ͤthe
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GenomicVariants16)×¿«¿CndƺV`Ǡ˨`¼»¿¹×¿«¿
(n4100)uɏ]Z˭æMT8 
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	+ þ}¿±ˤǶ
þ}¿±ˤǶaͤď̏`17źʏ_ſMZ¸þ}¿±ˤǶu˔WT8
ˤǶ_aHiSeq2500(z¹°ͤ¼×y}ͤx²¸)uɏ]ͤ·z¨·¸¿â
ƹ_aµxºXTHumanAllExonV5(ȇɤ͍Œͬ50Mb)ħaV6(ȇ
ɤ͍Œͬ60Mb)(xº¼ »¿ͤ¼··ͤx²¸)u˙
̔ö`©»¿¹_ƦWZäɏMT8ˤǶ`ʊɖěƽ͋u×Ã_ɷl8BWA
0	6	2%r12617)uɏ]Zͤ¤ ±ĦȾ̣ć(hg19)[`̣ć¯¦¼u˔W
T8Ŝɗ`ȂĄaͤGATK (theGenomeAnalysisToolkit)v	1	6%1318)[˔]ͤ
x ¿¶¼_aANNOVAR19)uɏ]T8Ŝɗ`ʙp̍ia×Ã`ƽ͋[˔WT
(Ō2)8hPͤ}¼͍ŒhTa©·z¼͍Œ`Ŝɗ`iuȕMͤx° ̧
ʢǑuÝt^]ĴʦʢǑȺŜɗu̹]T8ȍ_ͤĲ×¿«¿uĦȾMͤȂʓl
q̡Üơƚ_ƬkZÀŴ͏Ɨ×Â`ſʂ̡Üŭ͏ƗE?qŜɗu̹ŝMT8denovo
Ŝɗ(Əǹ˃áõươƚ)_u]Za1000GenomesdatabaseͤESP6500 ( the
NHLBIExomeSequencingProject)ͤtheExACdatabaseversion0	3(þ̿ŉ
CndǵxxÒ̿ŉ)ͤHGVD (theHumanGeneticVariationDatabase)20ͤ21)
_ɢ̭irZ]qŜɗE?rbJru̹ŝMT8ȍ_Əǹ˃áĔư̡ÜơƚCnd
ưǹ˃áõư̡Üơƚ_u]ZaͤhPÂ˧Ĳ×¿«¿[1͡×Â`͏ƗE?q
Ŝɗ_u]Za̹ŝMT8io_Ĳ×¿«¿_­³ǎĳáͤlMGaXǹ˃á[
?rbª°ǎĳáEɢ̭irZ]qŖĳaJru̹ŝMT8×Â`ǳÙuȰTMT
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ŜɗaoͤOMIM (Online Mendelian Inheritance in Man) [ɺʗɡ̜ɚƱuí˘
Ŝɗ\MZǂĄMT8ĲV`í˘Ŝɗuͤ2015ƒ_ǐŁirT̡ÜŭŜɗ`ɛɤƴ
ʦuĉŴlqŔȱ`Àu[?qʋōʽƖ̡Ü¾ ±ŲÛ	the American College 
of Medical Genetics and Genomics:ACMG) z·z¼22)_ȾoMĳtQZ˭æ
MT8hTͤí˘Ŝɗ_ſƬlqx° ̧ʢǑ_Ceqɾ`éŰư\ɛɤƴʦ`Ë
ȯuSIFT(URL2http2

sift	jcvi	org
)23)ͤPolyPhen2HVAR(URL2
http://genetics.bwh.harvard.edu/pph2/)24)ͤCADD (combinedannotation%
dependentdepletion)25)`¿¹uɏ]Z˭æMT8þZ`í˘ŜɗaĲŜɗEǂ
ĄirTƱʪ\o`Çˡ`DNA_u]Z¼¿¿}¼[ɶ˲MT8¼
¿¿}¼[äɏMT©·z¯¿u˖1_ɷl8
 
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+ ɚƱí˘Ǟ˞Ŝɗ(CTNNB1Cnd AMPD2) _Ceq̐ēˤǶ
	) cDNAˤǶ
CTNNB1Cnd AMPD2`Ŝɗ_nq©·z¼ɗƏuˬǥlqTkͤþ˓
u PAXgeneRNABloodRNA(ID: 52304ͤx¼ͤ¤¹×¼ͤz)
uɏ]ͤ˙̔ö`©»¿¹_Ʀ] CTNNB1Cnd AMPD2`ŜɗuluĲƱ
ʪCndſȾ\MZǣǱÒ`ðƙƹÒ 2ĵaoȂáuǍĬMͤRNA (ribonucleic 
acid: ¸®ǻ̧)uǂĄMT8cDNAa PrimeScriptRTreagentKitwithgDNA
Eraser(RR047Aͤ·¢zͤȳ̀ͤǣǱ)uɏ]ͤ˙̔ö`©»¿¹_Ʀ
]ĳƹMT8ƧorT cDNAu CTNNB1\ AMPD2` cDNAu· ExTaq­
¿¢¿¶¼(RR006Aͤ·¢zͤȳ̀ͤǣǱ)uɏ]ZŚƐMͤ
͂ȚȢĘ\¼¿¿}¼[̣ćuɶ˲MT8©·z¯¿`Àˠu˖ 1_ɷ
l8
	* AMP(adenosine monophosphate: x× ¼À¸¼̧) ×x°¿xz
AMPD2ŜɗuluƱʪ )ĵ\ĴŜɗulT^]ʸư͝ɟƱʪ 1ĵCndǣǱÒ
`ðƙƹÒ 2ĵ`˓ȩaoɣ˓ɊuǂĄMͤ̚ĥ`ŕĻ`©»¿¹_Ʀ] 26)ͤ
EB{z¹_ƶǹiQqJ\[¸¼£˅Ɋ`œ͗ʏuɶʂMT8AMPD2`ȥưu
˭ælqTk_ EB{z¹ƶǹ¸¼£˅Ɋuɏ]Zͤ̚ĥ`ŕĻ 27)_À̢ëȐu
ēBZ AMP×x°¿xzu˔^WT8×Ã_˱ʕu˧l8hPͤ¸¼£
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˅ɊʕʱuȜăMT¢§w¿(250 mM»¿ͤ150 mMŘě¸{±ͤ20 
mMz°¿¹Ŗ̌Ř) _ȲˤMͤˑɣȹƗu¦x¿ BCA©»z¼xz
(¿³z}¼y§yͤ{~¹±ͤx²¸) uɏ]ZȯŴlq8
2Qg`ˑɣuĸjnA_ƍ̨MTǂĄɃu 50 mM}¼̧¸{±(pH7	0)ͤ
50 mMŘě¸{±ͤ4 mM AMPao^qțȲȩ\Ȭĳlq8ʯǨ¼»¿¹
\MZĲˑɣǂĄɃ_ AMPuȬýM^]țȲȩlĴȆ_âƹMT8ˮˏ A (10 mM
§| ¿¹ͤ20 mM»©¹¸{±) 100 Ql\ȬĳM 256[ 1ǧ̴z
¼µ«¿¶¼Mͤo`Ƥˮˏ B (12	5 mMţ̦ě¸{±ͤ20 mM¸¼̧ț
ʒÍ¸{±ͤ0.01%ȍÐŘʒ̧¸{±) 100 Ql\ȬĳMT825Ɨ[ 3ǧ̴
z¼µ«¿¶¼MT`sͤ¼©¹`ĹûƗ(625nm)u SPECTRAMax190
¯z»©º¿¸¿¿(MolecularDevicesͤ¿«z¹ͤ) uɏ]Z
¼»¿¹\`ƋuȯŴMT8Ŕȱ\^qĲȹƗ`x¼³xuɏƴMͤo`Ĺ
ûƗ\β̊lqÌ[Ĳ¼©¹`x¼³xȹƗuŴ̫MT8˦ 3Ň`ŵ͙u˔
]ͤĲŵ͙`boucuǪƃělqTkͤʘǷa 3u`¼»¿¹¼©¹`Ƒ
ŏu\pͤo`ƑŏȹƗ\¼©¹`ȹƗ\`ĹûƗβu˦ʇMT8ʛ˦ˤǶaÀ
ọ̈ʢąǙąǶuȠ\ÿ_ɏ]Z˔^WT8
 
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7. ɜåǐɷ
8	 ǱƱʪʥ`Ʉƪ
ĳ˦ 17ĵ\o`ÇˡEˤǶ`ſ˾\^WT(Ō 1)811ÒEɓư(64	7%) [ƒ
͟`Èšîa 9	5Ȓ(3%30Ȓ)ͤþZ`źʏEǣǱÒ[?p̎ˡŬa˲k^aWT8
˫ǝǧƒ͟`Èšî\§~»¿x©Ǯ̴aorSr 40aǫ(16%178aǫ) \ 84
aǫ(16%358aǫ) [?WT8Ʊʪa×Ã`nA_ 4u`ʸư͝ɟ`z©<ɝư
Ç͝ɟ(11ͤ64	7)ͤx¿Ő(3ͤ17	6)ͤŢ˸Ő(2ͤ11	8)ͤȬĳŐ(1ͤ
5	9)=_ą͔irT8þZ`ƱʪE 2Ȓ×Ã_ɡɜMTűɡư[?p̗ͤ˔ưu˲
kPͤʸư͝ɟ`Ŵʦ 1)_ĳʿMT8Ʊʪ 2`i¯¢_nqǞɍüːɍE
˔trT810ĵ(58	8) EȐƏ`̢͎MRIɔôƼ˝[?pͤo`ga` 7ĵaͅ
Ʉɗɤ^Ƽ˝[?WT(Ō 3)8ţơɜíʥ[?q VATERɜíʥE )ĵĸhrT
Eͤʸư͝ɟ\`ɨǎ`̵̕uɷlǛɇu˲k^]TkͤˤǶſ˾\MT8Ʊʪ 4
×ŝ`þå[ɱɤ̾ŹuǪʖ§~»¿x©`Ȗ̻[˲kZ]q8þƱʪ`ʽƖ×
¿uÃ˧Cnd˖ 2_ɷl8
 
 23 
88	 ĲƱʪ`ʽƖʗ̚
) Ʊʪ 1
ɓưͤŎʰ 40̖_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩̱ͤ̆ͤ
͎ŋaorSr 3066g(%0	5SD)ͤ49	0cm(%0	2SD)ͤ34	0cm(0	5SD) [
?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 33Ȓͤȗ 28Ȓ[?WT84ȒÂ`÷uĸkͤɄ
˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ɍƤ 8½ǫǧnpx¿Őņʭ͝
ɟ\þˁưɡ̜̘ȴͤ˟ɺʗˈʡu˲kT81ȒCnd 6Ȓǧ`̢͎MRIƼ˝aȐ
Ə[?WT8Ǫʖ§~»¿x©` 8Ȓ`ǧȺ[ 3˴Ǜu˯lJ\E[cT8Ʊʪ
` GMFCSͤMACSͤCFCSaorSr 5ͤ5ͤ3[?WT8
* Ʊʪ 2
ɓưͤŎʰ 41̖ 4ǣ_ZĄɍMT8Ąɍǧ_ʰèĹƛɜíʥu˲kT8ːɍ_
ſlqĪƬa˂Ŧ[?p7-ąǧȺ[`x©¿xa /Ⱥ[?WTEĽĹɅƷE
ųŴM^]Tk×Ƥ )(ǣ̴`ÒƈĽĹŅʈɋuĭeT8hTĴǧǮ_Ęʵʈ̳Űɜ
lǉǒirZ]TEʘʔ˕^]`ç˛ɤȞɠa˜i^aWT8Ąɍá̩̱ͤ̆ao
rSr 3310g(%0	3SD)ͤ45	0cm(%2	9SD) [?WT8Ąɍǧ`Çˡ`ƒ͟a
ɀ 33Ȓͤȗ 32Ȓ[?WT87ȒÂ`÷\ 2ȒÂ`ŨuĸkͤɄ˧lfcɺʗɚƱ
`źǡȓa˲k^aWT8ɍƤ 6½ǫǧnpɝưÇ͝ɟ\þˁưɡ̜̘ȴu˲k
T8ÊüǮnpZvav`˫ǝ[¹¢¯¦¼\¢¹©»̧¸{±uĀǭM
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Z]q810Ȓǧ`̢͎MRIƼ˝aȐƏ[?WT8Ǫʖ§~»¿x©` 30Ȓ`ǧ
Ⱥ[˥ˉu˯lJ\E[cZ]^]8Ʊʪ` GMFCSͤMACSͤCFCSaorSr
5ͤ5ͤ3[?WT8
+ Ʊʪ 3
ɓưͤŎʰ 40̖ 6ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 3428g(0	7SD)ͤ49	0cm(%0	5SD)ͤ35	0cm(1	1
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 29Ȓͤȗ 34Ȓ[?WT85ȒÃ`Ɯuĸ
kͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8Ɖɭ`ˣʻȬȸͤ̚Đ͚Ƶɜͤ
ņʭ`ɵɨuǞɍüǮnp˲kZ]T8ɍƤ 9aǫǧ_̙Ęɡ̜̘ȴ_ſlqɋŲ
ɠȠɧɤ_ĭ˫MT8Ơǧ`̆á˫Ž_npØȔ`̚ʞƞͤáƓŢ˸ͤ´·¼
ĪƁ`Ñ̗̬ͤá̄ùíuÝt^]̚Đ͚ƵɜEǥoa\^WT8o`ʘǷaoĤ
ňÄǥ`x¿Őņʭ͝ɟ`˫ǝ[ʗ̚ˢŽirT8˓ȵx° ̧ąǶmƆÈ
Ǭȋ̧ąǶͤȨ̂¾¦¹¥¼̧ͤʎͤ­³¢¸¼̧ͤ¡z»z¼¿¹̤
̧uĸj͛ȩȂǺ_ɗƏu˲k^aWT8¼×±¯¸¿¼[lɄ˧l
fcɗƏu˲kPͤ̚Đ͚Ƶɜ`Ǣɱ̡Üŭ_lɛɤƴʦuəAŜɗu˲k^aW
T8G¢¼ąǹȠ[aȐƏŜɗ[?q 46ͤXYͤinv(9)(p12q13)u˲kq`i[?
WT81ȒCnd 4Ȓǧ`̢͎MRIƼ˝aȐƏ[?WT82Ȓ 6aǫ͉_Ãʭ`ɝ
ư\þˁưɡ̜̘ȴEǥoa\^WT8a]a]\ǖǈÃ[`ʂßEİʳ[?W
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T83Ȓ͉ao®¸Șʒ_nqɝư`ȞɠE̳ũirT8Ǫʖ§~»¿x
©` 7Ȓ`ǧȺ[Í˴Ǜu˯QqnA_^WTl``ͤ̚Đ͚ƵɜaǈʜMZ]
q8Ʊʪ` GMFCSͤMACSͤCFCSaorSr 4ͤ3ͤ3[?WT8
, Ʊʪ 4
ɓưͤŎʰ 40̖ 6ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 3208g(%0	4SD)ͤ50	5cm(0	4SD)ͤ33	5cm(%0.1
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 31Ȓͤȗ 27Ȓ[?WT85ȒÂ`Ũuĸ
kͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ɍƤͧaǫ͉aoÃʭ`ɝư\
ʆĒàÃu˲kT84ȒǧȺ[`̢͎MRIƼ˝aȐƏ[?WT8ͨȒǧ` K%ABC
ȂǺ_nqɱʳȂǺaȐƏŒ[?WT8Ǫʖ§~»¿x©` 9Ȓ`ǧȺ[`
GMFCSͤMACSͤCFCSaorSr 3ͤ1ͤ1[?WT8
- Ʊʪ 5
ɓưͤŎʰ 38̖ 4ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 2890g(%0	4SD)ͤ48	5cm(0	0SD)ͤ32	5cm(%0	5SD) 
[?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 28Ȓͤȗ 28Ȓ[?WT85ȒÃ`ŧuĸkͤ
Ʉ˧lfcɺʗɚƱ`źǡȓa˲k^aWT81Ȓ`ǧȺ[ƘßÄİ`TkĞɠȋ
̵uĭ˫MT8̆áƼ˝_ZɝưÇ͝ɟEǥoa\^WT812ȒǧȺ[`̢͎MRI
[aƉñʸŷļŋ`ȫ̢ɣ́_ TͦƟ˸ɔô[̉Ɨ͜êı`ɛŜ˲kT813ȒǧȺ
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[`Ǟɂ Kƚɡ̜ȂǺ_nqɡ̜ǉǚa 22\àî[?WT8Ǫʖ§~»¿x©
` 28Ȓ`ǧȺ[` GMFCSͤMACSͤCFCSaorSr 4ͤ5ͤ2[?WT8
. Ʊʪ 6
ɓưͤŎʰ 37̖ 4ǣ_ZĄɍMT8ďǮɴț\ʼƎƌʚE?WTEǥoa^Ø
Ȕmà̧ʒa˲k^aWT8Ąɍá̩̱ͤ̆aorSr 3182g(1	0SD)ͤ50	0
cm(1	2SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 38Ȓͤȗ 32Ȓ[?WT82Ȓ
Â`÷\ 1ȒÃ`ŧuĸkͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT82Ȓǧ
_ȑŻɗƏ_ZĞɠȋ̵uĭ˫MT8̆á˫Ž_ZɝưÇ͝ɟEǥoa\^WT8
ĴǧǮ_Zvav\˫ǝirͤ¹¢¯¦¼Āǭ[āɡu˲kZ]^]82Ȓǧ
`̢͎MRIaȐƏ[?WT86Ȓ͉`ɐÈ¥¿ƚɱʳȂǺ[ IQa 82[?WT8
Ǫʖ§~»¿x©` 7Ȓ`ǧȺ[` GMFCSͤMACSͤCFCSaorSr 2ͤ1ͤ
1[?WT8
/ Ʊʪ 7
ťưͤŎʰ 38̖ 3ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 2780g(%0	6SD)ͤ47	1cm(%0	7SD)ͤ32	5cm(%0	5
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 33Ȓͤȗ 33Ȓ[?WT82ȒÂ`÷uĸ
kͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ɍƤͫaǫ͉aox¿Ő
ņʭ͝ɟ\þˁưɡ̜̘ȴu˲kT81Ȓ 6aǫǧ`̢͎MRI` T2Ɵ˸ɔô[Ɖ
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`Áˣ̢ɣ́`tPa^͜êıu˲kT86Ȓǧ`̞őžƚɡ̜ȂǺ[aɡ̜ǉǚ
60[?WT8Ǫʖ§~»¿x©` 7Ȓ`ǧȺ[ɡ˴aÄİʳ[?WTEͤ¨º
¼¦µ¿uÔMT°µ¿¶¼EtPa_İʳ[?WT8Ʊʪ`
GMFCSͤMACSͤCFCSaorSr 5ͤ5ͤ4[?WT8
0 Ʊʪ 8
ɓưͤŎʰ 40̖ 4ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 3120g(%0	5SD)ͤ46	0cm(%2	0SD)ͤ34.0cm(0	4
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 38Ȓͤȗ 31Ȓ[?WT85ȒÂ`÷uĸ
kͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ÚŌǋƻuÉ˪_ 2Ȓ͉_Ğɠ
ȋ̵uĭ˫MT8̆á˫Ž_ZÂʭ`ÚŌǋƻCndɝưÇ͝ɟͤʾ̲òĶuǉǒ
irT810Ȓǧ`̢͎MRIaȐƏ[?WT8Ǫʖ§~»¿x©` 15Ȓ`ǧȺ[
` GMFCSͤMACSͤCFCSaorSr 1ͤ1ͤ2[?WT8
1 Ʊʪ 9
ťưͤŎʰ 41̖_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩̱ͤ̆ͤ
͎ŋaorSr 3548g(1	3SD)ͤ53	0cm(1	8SD)ͤ32	0cm(%1	3SD) [
?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 29Ȓͤȗ 29Ȓ[?WT82ȒÃ`ŧuĸkͤɄ
˧lfcɺʗɚƱ`źǡȓa˲k^aWT81Ȓ͉_àʞƞ\þˁưɡ̜̘ȴu˲
kͤĞɠȋ̵uĭ˫MT8˫ŽCndȂǺ_ZƃʸŢ˸\̉Ɨ`̢͎e`įƾčȷ
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_np˳ɡirq̢ąZvavEǥoa\^pͤʸȡɗƏa˲k^aWTE¹¢
¯¦¼[ȞɠirZ]q85Ȓǧ`̢͎MRIaȐƏ[?WT86Ȓ͉`ɐÈ¥
¿ƚɱʳȂǺ[ IQa 29[?WT813Ȓ͉`̢͎MRI[aƃʸĠɊ`tPa^ˈ
ʡu˲kT8Ǫʖ§~»¿x©` 13Ȓ`ǧȺ[` GMFCSͤMACSͤCFCSao
rSr 4ͤ4ͤ4[?WT8
)( Ʊʪ 10
ɓưͤŎʰ 40̖_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩̱ͤ̆ͤ
͎ŋaorSr 3086g(0	0SD)ͤ50	0cm(0	3SD)ͤ33	0cm(%0	3SD) [
?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 42Ȓͤȗ 33Ȓ[?WT8÷Ɯ^M8Ʉ˧lfc
ɺʗɚƱ`źǡȓa˲k^aWT81Ȓ 8aǫ͉̙Ęɡ̜̘ȴuÉ˪_Ğɠȋ̵u
ĭ˫MT8̆á˫Ž_ZɝưÇ͝ɟuǉǒirT82ȒǧȺ[`̢͎MRIƼ˝aȐ
Ə[?WT8Ŷˢɤ^ɱʳȂǺaĭeZ]^]8Ǫʖ§~»¿x©` 8Ȓ`ǧȺ
[` GMFCSͤMACSͤCFCSaorSr 4ͤ3ͤ2[?WT8
)) Ʊʪ 11
ťưͤŎʰ 38̖ 2ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 2554g(%0	6SD)ͤ43	0cm(%2	5SD)ͤ30	0cm(%2	2
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 26Ȓͤȗ 24Ȓ[?WT8÷Ɯ^M8Ʉ˧
lfcɺʗɚƱ`źǡȓa˲k^aWT87aǫ͉_þˁưɡ̜̘ȴuÉ˪_Ğɠ
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ȋ̵uĭ˫MT8̆á˫Ž_npɝưÇ͝ɟ\ÂʭCndáƓ`àʞƞuǉǒir
T8hTÄɬ\ʾ̲òĶlÝWZ]T8ͪaǫǧȺ[`̢͎MRIƼ˝aȐƏ[?W
TEͤ4ȒǧȺ`̢͎MRIͤTͦƟ˸ô[`ʟǳá`͜êıCndʸǾ`ˇˎěu
˲kT8ʸʶ͛ȩ`Ȩ̂Cnd¦¹¥¼̧ͤ˓ȵx° ̧ąǶͤ¼×±¯
¸¿¼uĸjÖ˼¸¿¼aȐƏʉŋĀ[?WT83Ȓǧ`̞őžƚɡ
̜ȂǺ[aɡ̜ǉǚ 27[?WT8Ǫʖ§~»¿x©` 5Ȓ`ǧȺ[` GMFCSͤ
MACSͤCFCSaorSr 4ͤ4ͤ5[?WT8
)* Ʊʪ 12
ťưͤŎʰ 39̖ 2ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 3134g(0	4SD)ͤ51	0cm(1	1SD)ͤ33	0cm(%1	1
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 36Ȓͤȗ 36Ȓ[?WT82Ò`÷uĸ
kͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ɍƤ 10aǫǧ_ƅ̃ȑ˔Cnd
þˁưɡ̜̘ȴuÉ˪_Ğɠȋ̵uĭ˫MT8̆á˫Ž[Ţ˸CndɄɡưƅ̃ȑ
˔uǉǒirT8hTȑ̽`ǆş\ÚŌǋƻ\ÝWZ]T82ȒCnd 3Ȓǧ`͎
̢MRIƼ˝a]PrlȐƏ[?WT83Ȓǧ`̞őžƚɡ̜ȂǺ[aɡ̜ǉǚ 46
[?WT8Ǫʖ§~»¿x©` 3Ȓ`ǧȺ[Û˯aÄİʳ[?pͤGMFCSͤ
MACSͤCFCSaorSr 2ͤ4ͤ4[?WT8
)+ Ʊʪ 13
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ɓưͤŎʰ 40̖_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩̱ͤ̆ͤ
͎ŋaorSr 3304g(0	6SD)ͤ52	0cm(1	5SD)ͤ31	8cm(%1	2SD) [
?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 29Ȓͤȗ 28Ȓ[?WT82Ò`Ɯ\ 1Ò`ŧu
ĸkͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT82Ȓǧ_þˁưɡ̜̘ȴuÉ
˪_Ğɠȋ̵uĭ˫MT8˫Ž_Zʾ̲òĶ\ÄɬͤɝưÇ͝ɟEǥoa\^W
T82ȒǧȺ[`̢͎MRI[ñʸŷ`ǆş\ʸǾ`ˇˎěu˲kT89Ȓ͉`ɐÈ
¥¿ƚɱʳȂǺ[ IQa 64[?WT8Ǫʖ§~»¿x©` 10Ȓ`ǧȺ[`
GMFCSͤMACSͤCFCSaorSr 1ͤ2ͤ2[?WT8
), Ʊʪ 14
ťưͤŎʰ 38̖ 2ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 2930g(%0	2SD)ͤ47	8cm(%0	9SD)ͤ31	5cm(%1	4
SD) [?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 27Ȓͤȗ 30Ȓ[?WT8÷Ɯ^M8Ʉ˧
lfcɺʗɚƱ`źǡȓa˲k^aWT81Ȓ͉_ɡ̜̘ȴuÉ˪_Ğɠȋ̵uĭ
˫MT8ɝưÇ͝ɟ\Ƥ͎ˉZvavuǉǒirͤ¢¹©»̧¸{±[Ȟɠi
rZ]q85Ȓǧ`̢͎MRI[aşʸɣ́`ˈʡ\ʸǾˇˎěu˲kT8Ǫʖ§~
»¿x©` 22Ȓ`ǧȺ[ɡ˴a^GͤGMFCSͤMACSͤCFCSaorSr 4ͤ
4ͤ5[?WT8
)- Ʊʪ 15
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ťưͤŎʰ 37̖ 1ǣ_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩ͤ̆
̱͎ͤŋaorSr 1736g(%2	6SD)ͤ43	0cm(%1	9SD)ͤ31	0cm(%1	2
SD) [?WT8ȁáţơ̯ͤʬ̛͕̲̯ͤͤƆʈʺʲ̒ȦɜuÝWZCpͤVATER
ɜíʥ\˫ǝirT8Ąɍǧ`Çˡ`ƒ͟aɀ 35Ȓͤȗ 27Ȓ[?WT8÷Ɯ^
M8Ʉ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ƥV_ɝưÇ͝ɟ\Ţ˸ͤþˁ
ưɡ̜̘ȴEǥoa\^WZ]WT8hTƶ͇ứʫ\ɒɅʹȋʳàÃɜlĳãM
Z]T82Ȓǧ`̢͎MRIaȐƏ[?WT813ȒǧȺ[`Ǟɂ Kƚɡ̜ȂǺ_n
qɡ̜ǉǚa 40\àî[?WT8Ǫʖ§~»¿x©` 6Ȓ`ǧȺ[aɡ˴aÄİ
ʳ[?WTEͤÂʭuäWT|´¿[?qɽƗ`°µ¿¶¼u\q
J\Eİʳ[?WT8o`ǧȺ[` GMFCSͤMACSͤCFCSaorSr 2ͤ3ͤ3
[?WT8
). Ʊʪ 16
ɓưͤŎʰ 37̖_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩̱ͤ̆ͤ
͎ŋaorSr 3298g(1	7SD)ͤ49	8cm(1	3SD)ͤ35	5cm(2	1SD) [
?WT8Ąɍǧ`Çˡ`ƒ͟aɀ 31Ȓͤȗ 28Ȓ[?WT83ȒƒÂ`÷\ 3ȒÃ
`ƜuĸkͤɄ˧lfcɺʗɚƱ`źǡȓa˲k^aWT8ɍƤͩaǫǧ_ɡ̜̘
ȴuÉ˪_Ğɠȋ̵uĭ˫Mͤx¿Őņʭ͝ɟ\þˁưɡ̜̘ȴuǉǒir
T87aǫCnd 9aǫǧ`̢͎MRI[a TͦƟ˸ɔô[ȪˋɊ`͜êıuǉǒi
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rZ]TEͤ2Ȓ 6aǫǧȺ[`̢͎MRI[aɗƏu˲k^aWT8ʸʶ͛ȩ`Ê
̧Cnd¦¹¥¼̧ͤ˓ȵx° ̧ąǶͤ¼×±¯¸¿¼uĸjÖ˼
¸¿¼aȐƏʉŋĀ[?WT8Ǫʖ§~»¿x©` 8Ȓ`ǧȺ[aÄǥ
ɯ^ɡ˴Eİʳ[?pͤo`ǧȺ[` GMFCSͤMACSͤCFCSaorSr 4ͤ3ͤ
3[?WT8
)/ Ʊʪ 17
ɓưͤŎʰ 37̖_ZɄ_ļɎǮ`ʗ̚_ɗƏ^GĄɍMT8Ąɍá̩̱͎ͤ̆ͤŋ
aorSr 3094g(1	1SD)ͤ49	6cm(1	2SD)ͤ36	0cm(2	5SD)[?W
T8Ąɍǧ`Çˡ`ƒ͟aɀ 38Ȓͤȗ 31Ȓ[?WT8ŨuĸkͤɄ˧lfcɺʗ
ɚƱ`źǡȓa˲k^aWT81Ȓ͉_ɡ̜̘ȴCndʾ̲òĶuÉ˪_Ğɠȋ̵
uĭ˫MT8˫Ž_ZɝưÇ͝ɟu˲kT8ʗ̚ÈZvavuɡɜMTEº«·
±\¢¹©»̧¸{±uǭɏMɝǕ`āɡu˲kZ]^]8ʗ̚ˢŽÈ_
͒Ʃɤ˓ƆCndȲ˓uǉǒirTEͤʾȽ̉ƭMZ]q84Ȓǧ`̢͎MRIƼ˝
aȐƏ[?WT8Ǫʖ§~»¿x©` 19Ȓ`ǧȺ[aɡ˴aÄİʳ[?WT8
GMFCSͤMACSͤCFCSaorSr 2ͤ4ͤ5[?WT8
 
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8. ɳʀʘǷ
I. ̡ÜŭȂǺ 
) xºz CGHˤǶ
xºz CGHˤǶ[ʸư͝ɟ`˖ɉŐ_̵̕lqɛɤƴʦuətrq¦¿ǚŜ
ěu˲k^aWT8Ʊʪ 2[a G¢¼Ƞ[l˲kZ]T 47XXY`ǹ˃ŐEǉǒ
irTEͤJ`ǹ˃Ő\ʸư͝ɟ\`̵̕uǉǒMTŕĻa˲k^aWT8
 
 34 
2þ}¿±ˤǶ
þ}¿±ˤǶ_npͤ17ĵÈ 11ĵ_˦ 17`ʽƖɤ_̵̕MZ]qí˘Ŝɗ
uɡ˝MT͢˖ 3 8ͣJro`AsͤƱʪ 7ĵͤ6̡Üŭ͢CTNNB1ͤCYP2U1ͤ
SPASTͤGNAO1ͤCACNA1AͤCnd AMPD2ͣ`˦ 8ɾ͔`ŜɗEɛɤŜɗͤ
Ʊʪ 2ĵͤ2̡Üŭ͢STXBP1ͤSCN2Aͣ` 2uEɛɤİʳư`?qŜɗ[?q\
ACMGz·z¼_ĎWZą͔MT͢˖ 3ͣ22)8
ɛɤƴʦE?q\ą͔irTŜɗuǈuƱʪ`ş̢ą͢77	8ͤ9ĵÈ 7ĵͣE
denovo[?WT8ȕp` 2ĵaƏǹ˃áĔư̡Ü[?pͤo`As` 1ĵa˚ĳ
ª»Ŝɗ[?WT82ĵ͢Ʊʪ 6\ 10ͣ[ SPAST̡Üŭ`Ŝɗu˲kT8Jr
o`ɛɤƴʦE?q\ą͔irT 4u`̡Üŭ͢SPASTͤGNAO1ͤCACNA1ͤ
STXBP1ͣ`˦ 5u`ŜɗaǢ_̚ĥ`ŕĻ[ɛɤƴʦuǉǒirZ]TŜɗ[?
WT 28%33)8o`Àǟ[o`Õ`̡ÜŭŜɗ͢CTNNB1ͤCYP2U1ͤAMPD2ͤ
SCN2AͣaÓh[`ŕĻ`^]Ŝɗ[?WT8þZ`ɄŴirTí˘Ŝɗ`̡Üŭ
`AsͤSPASTͤSTXBP1ͤSPTBN2aʸư͝ɟ`Ĥň̡Üŭ\MZ`ŕĻE?W
T 34%36)85ĵ_ɄŴirT 5u`̡Üŭ͢UBA1ͤAMER1ͤFAT4ͤGPR98ͤ
SPTBN2ͣ`˦ 8u`í˘Ŝɗ_u]ZaɛɤƴʦEÄǥɶ[?q\ą͔irT8
SPTBN2` p	(Arg524Trp)u̹ebȋʳˤǶͤǢŕͤɾ`éŰưͤ¿¹uɏ]T
ɛɤƴʦËȯ`]Pr_C]ZlɛɤƴʦuɷŀlqǼǅa^aWT8MTEW
ZͤǱɳʀ_C]ZaJro`í˘ŜɗuʩƸM^]J\\MT8 
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88	 ɚƱí˘Ǟ˞Ŝɗ͢CTNNB1Cnd AMPD2ͣ_Ceq̐ēˤǶ
) cDNAˤǶ
ÓŇ`ɳʀ_C]Z 2u`©·zz`í˘Ŝɗ͢CTNNB1ͤChr3ͬ
41275790T>CCndAMPD2ͤChr1ͬ110168415G>A)uorSrƱʪ 3\Ʊ
ʪ 11_C]ZɄŴMT8J`©·zzŜɗE]`nA_²¼´¿
RNA`ʨ˩_ƣ͈MZ]qau̒̈Ă PCRuɏ]Z˸fT8orSr`̡Üŭ`
̪ɍŐ\ŜɗŐ`˰Ơ̢ß` cDNA͢Ō 4ͣu¿}¼MT8o`̣ćao
aͤ©·z¼ɗƏ_np¿lq«¿¼ 1¼£\ AMPD2
¼£EɲʡlqJ\EǏȯirT8Ʊʪ 3_Ceq CTNNB1`Ŝɗa§º¿±
§ûJMͤʄ 572¼Eʖȏ¼\^qJ\[̪ɍŐ`¼£npɲ
ʡlqJ\EËƳirT(p	Glu562AlafsTer11)(Ō 4AͤB)8Ʊʪ 11_Ceq
AMPD2`Ŝɗ[a©·zɗƏ`ʘǷŜɗɨƤ`ʄ 216¼Eʖȏ¼\
^p̪ɍŐ¼£npɲʡirqJ\EËƳirT͢p	Leu173Terͣ͢ Ō 4Cͤ
D 8ͣJro`ʘǷaorSr`Ŝɗ`ɛĤưuǖǈMZ]q\ʩBorT8
 
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* AMP×x°¿xz
AMPD2̡Üŭa 3ɾ͔ɱorZ]q AMPu IMP_ŜǑlq AMPʷx° ě̥
ʒ͢AMPDͣ`As`Àuu¿MZ]q8ǻ̧`ĳƹm¼£`ʨ˩_ƫ͌
^̥ʒ[?q 27)8Ʊʪ 11[ĴŴirT AMPD2`˚ĳª»Ŝɗ`ɛĤưu˭æ
lqTk_ͤAMPʷx° ě̥ʒ`ȥưuȯŴMT8o`ʘǷ 2Ʊʪ`ðƏÒ¼
»¿¹CndƱʪ 3`¸¼£˅Ɋ\β̊MZʐ 60̥͡ʒȥư`àÃuɶ˲MT
͢Ō 5 8ͣ
 
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9. ʩŽ
xºz CGHˤǶ\þ}¿±¿}¼_nqĚǇɤ^̡ÜŲɤȂʓu 17Ò
`ȰǮɎauͅɄɗɤ̢͎ #8 Ƽ˝uɷlʸư͝ɟƱʪ_ſMZ˔^WT8o`A
s 9ĵ͢7ĵa denovoͤ2ĵaƏǹ˃áĔư̡Üơƚͣ_ ACMGz·z¼_
ĎWZĉǝMTɛɤƴʦuǈu\ʩBorqŜɗuɄŴMT8ɄŴMT 8ɾ͔`̡
Üŭ`As 3̡Üŭ͢CYP2U1ͤSPASTͤAMPD2ͣaɝưſ͝ɟ`̡Üŭͤ4̡Ü
ŭ͢SCN2AͤCACNA1AͤGNAO1ͤSTXBP1ͣaZvavưʸɜ`̡Üŭͤȕp
` 1̡Üŭ͢STXBP1ͣao`Õ`ɺʗɡ̜ɚƱ`̡Üŭ[?WT8AMPD2\
CTNNB1̡Üŭ_Ceq 2ɾ͔`©·zzŜɗ\ AMPD2`°¼Ŝ
ɗ`ɛĤư_u]Zͤinvitro`ŵ͙[ɶ˲MT8
̠ĊirZ]^]ʸư͝ɟ 98å`As 14å͢14	3)_C]Zí˘ŜɗEɄŴi
rTŕĻ 3)\β̊MͤǱɳʀ_CeqȂĄɈaǬƴ_͜Ɉ[?WT͢p 30	005ͤ
FisherRsexacttest)8io_ͤØ_Ǣŕ_C]ZƠɳʀ\ĴȆ_ ACMGz·
z¼ 22)_ĎpauǢɱ`ɺʗɡ̜ɚƱ_`ií˘Ŝɗuʙp̍vUŖĳͤŜɗ`Ȃ
ĄɈa 4͢͡98åÈ 4åͣ_h[ȮƄlq8ƱʪʯǨEɗ^ql``ͤɄɗɤ^ɔ
ôƼ˝`^]ȰǮɎ`ʸư͝ɟaͤ̓Ə`ʸư͝ɟnplʸư͝ɟ_͔ÞMT̡Ü
ɚƱuĸjİʳưE͜]J\EɷŀirͤJ`ʥ_ſMZ}¿±ȂǺu˔AJ
\aėɈɤ^ȂǺʏ_^pAq\ʩBorT8¸þ}¿±ˤǶ_np˫ǝ
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irTͤɺʗɡ̜ɚƱ 78åÈ 11åEʸư͝ɟȆ`ɜɅ[?WT\]A̎ƒ`ŕĻ
lǱɳʀ`ʘǷu̴ǎɤ_ǖǈlql`\ʩBorT 36)8
Ǳɳʀ[aͤʸư͝ɟ` 9	6[31_Ǭƴ^¦¿ǚŜěE˲korT\lqǢŕ
4, 37)\aɗ^pͤǬƴ^¦¿ǚŜěaȂĄir^aWT8J`ƋɗaƱʪ̠ǀ`ǳ
ÙmͤɛɤƴʦuĉŴlqǟȠ`̝]_nql`alMr^]8ɄŴ`ɜíʥ_Ơ
Zaho^] Small%for%gestationalage͢SGAͣü[?pauà̱̆Eǈʜlqƃ
üå`xºz CGHˤǶ_C]Z 16\͜Ɉ_Ǭƴ^¦¿ǚŜěu˲kT\]Aŕ
Ļ 38)E?q8ſMZǱɳʀ`Ʊʪʥ[a SGAüa VATERɜíʥuÝA 1ĵ`i[
?pͤÂ˧`ɄŴ`ɜíʥ_ƠZaho^] SGAüuĸh^]J\E¦¿ǚŜě
`ȂĄɈEà]Àň_^WZ]qİʳưaķŴ[c^]8Ǳɳʀ`ʘǷaɄɗɤ^
ɔôƼ˝`^]ȰǮɎ`ʸư͝ɟ_C]Zaxºz CGHˤǶ_nq˫ǝɶɈaà
]J\EɷŀirTEͤƄ^]Ʊʪǚ[`ʘǷ[?pͤ˫ǝ`Tk`ȂǺ`õú͋
ß`ĉǝǲǜ\lq_aio_ş˞Ȉ[`˸ǺEƫ˜[?q\ʩBorT8Ǳɳʀ
[a 4ĵ`Ʊʪ_C]Z 3u`̡Üưɝưſ͝ɟ`Ĥň̡Üŭ͢CYP2U1; Ʊʪ 5ͤ
SPAST; Ʊʪ 6ͤ10ͤAMPD2;Ʊʪ 11)uȂĄMT8̡Üưɝưſ͝ɟa̗˔ư`
ɝư\Ãʭ`ʆĒàÃuÉ_cTlŞȆ^ɺʗɚƱ[?q 39)8ɉŎh[_ 55×Â
`ɝưſ͝ɟ`Ĥň̡ÜŭEɄŴirZ]q8ɝưſ͝ɟaʽƖɤ_ĢʑŐ\˚ĳ
Ő_ą͔irͤƤʪ[aŢ˸ͤɱɤ̾ŹͤZvav^]`Õ`ÈǸɺʗɚƱuĳã
lq 39)8Ǳɳʀ`ſ˾Ʊʪ[a̱Ǯ_tTq§~»¿x©͢51[260½ǫ)_C]
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Z̗ͅ˔ư`ɝưÇ͝ɟuɷMͤJra̡Üưɝưſ͝ɟnplʸư͝ɟ`˫ǝŔ
ȱ_npƠZahq 1, 39)8J`J\aJro`̡ÜŭE̡Üưɝưſ͝ɟuƛĉ
JlUe[^Gͤʸư͝ɟ`ɝưÇ͝ɟ`˫ǝŔȱ_ƠZahq˖ɉŐuɷMAq
J\uɷŀMZ]q8Ʊʪ 5_C]Z CYP2U1`­³ǎĳư¼¼Ŝɗu˲k
T8J` CYP2U1`Ŝɗa SPG56uƛĉJl\ŕĻirZCp 39)ͤƱʪ 5`ɜ
Ʌaɱɤ̾ŹuãɡMZCpͤSPG56`ɜɅ\͔ÞMZ]q 39)8Ʊʪ 6\ 10_C
]ZͤorSrǢɱ`Ŝɗu SPAST̡Üŭ_˲kT 28, 29)8SPASTa SPG4uc
Tl\ŕĻirZCpͤJra̡Üưɝưſ͝ɟ`È[lǪl͏Ɨ`͜]ɚƱʥ[
?q 39)8Ʊʪ 6\ 10aβ̊ɤ̉ɜ`ɝư[?pͤJra SPG4`˖ɉŐ\ɰɪM
^]8Ʊʪ 11a AMPD2̡Üŭ`˚ĳŐª»ǎĳưŜɗ[?pͤJ`ɛĤưu˭
ælqTkƱʪɑǴ`¸¼£˅Ɋʕʱuɏ]Z×x°¿ȥư`˭æu˔]ͤȥ
ư`àÃuɶ˲MT8AMPD2̡Üŭa +ɾ͔ɱorZ]q AMPu IMP͢z 
¿¹À¸¼̧ͣ_ŜǑlq AMPʷx° ě̥ʒ͢AMPDͣ`As`Àuu¿
MZCp7o`ȋʳńŢ_nqɺʗʕʱĀ`x× ¼`ˌɿEɺʗȘưuls
ɺʗŜưûJlJ\EɷŀirZ]q 40)8AMPD2`̡ÜŭŜɗ[aCl_Ȋƃ
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Ō 3
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Ō 4
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Ō 5

 
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<Ō`˶ǥ=
Ō 12Ʊʪ§»¿´¿
Ĳ̹ŝŔȱCndĲʥ`Ʊʪǚuɷl8

Ō 22þ}¿±ˤǶ_nqí˘̡ÜŭŜɗ`ʙp̍i
x° ̧ʢǑuÝt^]ĴʦʢǑȺŜɗu̹cͤȍ_Ĳ×¿«¿uĦȾMͤȂ
ʓlq̡Üơƚ_ƬkZÀŴ͏Ɨ×Â`ſʂ̡Üŭ͏ƗE?qŜɗu̹ŝMT8de
novoŜɗ(Əǹ˃áõươƚ)_u]Za 1000GenomesdatabaseͤtheNHLBI
ExomeSequencingProjectͤtheExACdatabaseversion0	3(þÆɕCndǵ
xx)ͤtheHumanGeneticVariationDatabase_ɢ̭irZ]qŜɗu̹ŝM
T8Əǹ˃áĔư̡ÜơƚCndưǹ˃áõư̡Üơƚ_u]ZaͤÂ˧Ĳ×¿
«¿[ 1͡×Â`͏ƗE?qŜɗu̹ŝMT8io_Ĳ×¿«¿_­³ǎĳ
áͤlMGa Xǹ˃á[?rbª°ǎĳáEɢ̭irZ]qŜɗu̹ŝMT8ǂĄ
MTà͏ƗŜɗaoͤOMIM[ɺʗɡ̜ɚƱ`Ĥň\irq̡Üŭ`Ŝɗ`iuí
˘Ŝɗ\MZ̠ĊMT8̠ĊirTĲV`í˘Ŝɗu ACMGz·z¼_ȾoM
ĳtQZɛɤƴʦu˭æMT8
OMIM: Online Mendelian Inheritance in Man 
ACMG: the American College of Medical Genetics and Genomics 
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Ō 32ͅɄɗɤ^̢͎MRIƼ˝͢T2Ɵ˸ôͣ 
ͅɄɗɤ^̢͎MRIƼ˝uɷMTƱʪ\o`ɔôuɷl8
A: Ʊʪ 5; ????????????????  
B: Ʊʪ 7; ƉÁˣ̢`tPa^͜êı 
C: Ʊʪ 11; ʟǳá`͜êı\ʸǾ`ˇˎě 
D: Ʊʪ 13; ʸǾ`ˇˎě\̉Ɨ`Ɖñʸŷǆş 
E: Ʊʪ 14; ʸǾ`ˇˎě\şʸɣ́`ˈʡ?
F: Ʊʪ 16; ÇñȪˋɊ`tPa^͜êı
 
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Ō 4:©·zzŜɗ`ˤǶ͢Ʊʪ 3;CTNNB1Ʊʪ 11;AMPD2ͣ
(A) ͂ȚȢĘ_nq CTNNB1`̢ąɤ^ cDNAɎɃ
bp2ŘŔſͤMW2ąŭ̫ͤNC2̺ư¼»¿¹ͤCtr2ðƏ¼»¿¹
(B) CTNNB1???? cDNA ????????? 
RT-PCR???????? exon 10-11????? cDNA????: ?????: ?
??)???????????????????????????????????
?????????? 4??????????????????????????
?????????????????????????????????????
??????????????? 
(C) ͂ȚȢĘ_nq AMPD2`̢ąɤ^ cDNAɎɃ
500ŘŔſg]̱] cDNAɎɃuƱʪ 11[˲kq8 
bp2ŘŔſͤMW2ąŭ̫ͤNC2̺ư¼»¿¹ͤCtr2ðƏ¼»¿¹
(D) AMPD2 ???? cDNA ?????????? 
RT-PCR???????? exon 4-5????? cDNA????: ?????: ??
?)????????????????????????????????????
??????????????????????????? 4?????????
?????????????????????????????? 
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Ō 52AMP×x°¿xz
NC2̺ư¼»¿¹ͤCtr2ðƏ¼»¿¹ 
(A)’˃Eɩſɤ^̥ʒȥưu˖MZ]q8
AMPD2ŜɗuluƱʪ 11aðƏ¼»¿¹CndƱʪ +_βf’˃EˎG7x
¼³xɎɍ̫EƄ^]J\Eɷŀirq8
 (B)625 nm[`ɩſɤ^ĹûƗŴ̫2NSDP 30	001 (Ƞ) 
AMPD2ŜɗuluƱʪ 11aðƏ¼»¿¹CndƱʪ +`ĲĹûƗ\β̊M7
]PrlǬƴ_ͩ(͡ɽƗ`ȮƄu˲k7x¼³xɎɍʳ7l^ts AMPD2ȥư
`àÃuɷŀMT8
 
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13. ˖ 

ȇɤ̡Üŭ ȇɤŘŔ ŘṚ́ć
1 AMPD2 12110168415 TAGTGCCCCGTATGAGTTCC
2 AMPD2 12110168415 CCCTGTGCTGTTCTCACTCA
3 AMPD2 12110171419 TCAAGGAGGGTAGGCAGATG
4 AMPD2 12110171419 CCCTGACCCCTTGAATATGAC
5 AMPD2 (cDNA) 12110168415 GAGATTTTGGTGGGGTCTCA
6 AMPD2 (cDNA) 12110168415 TATGGCAGCTCCACCTCTGAG
7 SCN2A 22166245610 AAGATCACCCTGGAAGCTCA
8 SCN2A 22166245610 AGGGCATCTGCAAAATCAGAAAG
9 SPAST 2232361662 TCCCCTTTCTCAAACCAAATC
10 SPAST 2232361662 TCATCTCCAGCAGACTGTACC
11 SPAST 2232366975 CAAAATGCATTCCAGTGCC
12 SPAST 2232366975 AAAGTAGCTGTACCATGGATTGG
13 CTNNB1 3241275790 TCGAAATCTTGCCCTTTGTC
14 CTNNB1 3241275790 TGACCATGTGAAGGACGTGT
15 CTNNB1 (cDNA) 3241275790 AGAGATGGCCCAGAATGCAG
16 CTNNB1 (cDNA) 3241275790 TCTGCAGCTTCCTTGTCCTG
17 CYP2U1 42108866283 GGTCTGTTCAGTGTTATCAGGAATAC
18 CYP2U1 42108866283 TCCTTAAATGGTCCAAAGGG
19 FAT4 42126238810 GCTACGCCTCGGTAGATGAG
20 FAT4 42126238810 ACAAAAATCACCAGGCTTGC
21 FAT4 42126411082 CAGCTGGATGATGGTTCTGA
22 FAT4 42126411082 GGCAGCCAATCTTCACTGAG
23 GPR98 5289979443 CTGCCTGCAGCAGTCTTGTA
 65 
24 GPR98 5289979443 CTCCCAAAGAACCACTGGAA
25 GPR98 5290086965 TTTTCACCATTGCTGATGGA
26 GPR98 5290086965 CGGTAACAATCGGCTGTTCT
27 STXBP1 92130428484 ACAAGAGGGGTTCGCTAGGT
28 STXBP1 92130428484 CAGAGCGAGACTCCATCTCA
29 SPTBN2 11266455748 GCTGGTTCACACTCCACAGA
30 SPTBN2 11266455748 GAAGCCATTGAGACGGACAT
31 SPTBN2 11266475070 TGACCAAAGGCAACACAGAA
32 SPTBN2 11266475070 GTCCCCACCATCTTCTCAAA
33 GNAO1 16256385308 TGTCTCTGTGTCTCCCTCCC
34 GNAO1 16256385308 GAGCAGCCTGTTCTCTGAGC
35 CACNA1A 19213476262 GAGAGACCTGGGCGTCTTG
36 CACNA1A 19213476262 CCAAGAGCTTGTCCCTGAAG
37 UBA1 X247069086 TAATAATGCCTGCGGAAACC
38 UBA1 X247069086 GCCTGGTGCCAAGTGTTACT
39 AMER1 X263412347 TGTCACATCCCCAAACAAGA
40 AMER1 X263412347 GCCCCTAGAAAGGAAAATGC
˖ 1	Ĳ¼¿¿}¼ͤPCR_ɏ]T©·z¯¿
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M 7JHL4E?5
GMFCSF2P.K-,Q;#(GrossMotorClassificationSystem)TMACS9:;*K-,Q;#
(ManualAbilityClassificationSystem)TCFCS"$!(%'K-,Q;#(CommunicationFunction
ClassificationSystemSTSC6)RD(spasticdiplegia)TD; (0(dyskinetictype)TAT3O0(ataxic
type)TMix>/0(mixedtype)TN	D(:	(nodata)TSGAsmallforgestationalage
3] t ¦ t ª
pG¦ 
D/6P
;7(G) 
¥ O
_s 
bw`
(SD) g 
bw' 
(SD) cm 
^Q;Mf MRIcH 
g1 
	 Xf       
"  
Mf GMFCS MACS CFCS 
1  8 23 91 D 40 3066(-0.5) 34.0(+0.5) - vi    VoD+a 5 5 3 
2  30 74 358 S 41 3310 (-0.3) N/D nwW.U 
=-fJA 
¡50~f 
vi    ef 2 4 4 
3  7 58 87 S 40 3428 (+0.7) 35.0 (+1.1) - vi    /h?¨f 4 3 3 
4  9 51 63 S 38 3208 (-0.4) 33.5 (-0.5) - vi    - 3 1 1 
5  22 38 260 S 37 2890 (-0.4) 32.5 (-0.5) - \KlL    - 4 5 2 
6  7 30 64 S 37 3182 (+1.0) N/D - vi    - 2 1 1 
7 d 7 16 81 D 38 2780 (-0.6) 32.5 (-0.5) - \KlL    - 5 5 4 
8  15 164 26 S 40 3120 (-0.5) 34.0 (-0.5) - vi    )SEt 1 2 2 
9 d 13 116 46 AT 41 3548 (+1.3) 32.5 (-0.5) - vi     4 4 4 
10  8 26 87 S 40 3086 (+0.0) 33.0 (-0.3) - vi    - 4 3 2 
11 d 5 22 51 S 38 2554 (-0.6) 30.0 (-2.2) - 92KlL
\+a 
   )SEt 4 4 5 
12 d 3 31 32 AT 39 3134 (+0.4) 33.0 (-1.1) - vi    8qm{ 2 4 4 
13  10 40 84 S 40 3304 (+0.6) 31.8 (-1.2) - \+a    - 1 2 2 
14 d 22 27 263 S 40 2930 (-0.2) 31.5 (-1.4) - \+a    - 4 4 5 
15 d 6 56 82 Mix  
(SAT) 
37 1736 (-2.6) 31.0 (-1.2) SGA vi    VATERfJA 2 3 3 
16  11 25 130 D 37 3298 (+1.7) 35.5 (+2.1) - 92KlL    - 4 3 3 
17  19 178 76 S 37 3094 (+1.1) 36.0 (+2.5) - vi    £FtF 2 4 5 
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M 3+2(#N<
BE8I/A.1@& CGHN<G=
OMIMOnlineMendelianInheritanceinManXXY47TXXY;NAnotapplicable
3] CNVs ,T OMIM OMIM[3 t ª
: 
,CY *& (hg19) *¥ R4 *
: 
SIFT
score 
Polyphen2 
HVAR 
CADD
phred 
GER
P-RS 
ExAC It¥ 
(<
J* 
 
3  CTNNB1 114550 g1  De novo Chr3:41275790 T>C "% p.Glu562AlafsTer11  NA NA 22.9 5.66 0 Pathogenic 
5  CYP2U1 610670 ©t¤ ª  i|k§t Chr4:108866283 del C #    p.(Phe218fsTer42)  NA NA NA NA 0 Pathogenic 
6  SPAST 604277 ©t¤ ª  De novo Chr2:32361662 C>T % p.(Leu426Phe)  0.002 0.999 32 5.62 0 Pathogenic 
7  GNAO1 139311 	tf  De novo Chr16:56385308 G>A % p.(Glu246Lys)  0 1 22.7 5.91 0 Pathogenic 
9  CACNA1A 601011 xreZf 
	tf 
 De novo Chr19:13476262 G>A % p.(Ser218Leu)  0.002 0.998 33 5.55 0 Pathogenic 
10  SPAST 604277 ©t¤ ª  De novo Chr2:32366975 G>A % p.(Arg499His)  0 1 34 4.98 0 Pathogenic 
11  AMPD2 102771 ©t¤ ª 
>eCuf 
 i|k§t 
(M$yM) 
Chr1:110168415 G>A "% p.Leu173Ter  NA NA 25.9 4.59 0 Pathogenic 
Chr1:110171419 C>T % p.(Pro456Leu)  0 1 34 5.08 0 Pathogenic 
12  STXBP1 612164 	tf  De novo Chr9:130428484 C>G % p.(Arg235Gly)  0 1 34 5.72 0 Likely 
Pathogenic 
17  SCN2A 607745 	tf  De novo Chr2:166245610 T>C % p.(Leu1765Pro)  0 1 25.6  5.72 0 Likely 
Pathogenic 
(<¢J* 
 
2 XXY UBA1 301830 xr@+af  X-linked ChrX:47069086 C>T % p.(Thr668Ile)  0.05 0.003 16.1 5.22 0 Unknown 
Significance 
6  AMER1 3006471 zt}jtNf  X-linked ChrX:63412347 G>A % p.(Pro274Ser)  0.07 0.001 0.61 0.174 0.00001 Unknown 
Significance 
7  FAT4 615546 Van Maldergem  
fJA 
 i|k§t 
(M$yM) 
Chr4:126238810 C>G % p.(Pro415Arg)  0.18 1 18.22 4.55 0.0002 Unknown 
Significance 
Chr4:126411082 A>G % p.(Met4370Val)  1 0 0.027 0.09 0.0012 Unknown 
Significance 
15  GPR98 602851 ! fJA  
2CB 
 i|k§t 
(M$yM) 
Chr5:89979443 A>G % p.(His1902Arg)  0.32 0 9.526 -0.074 0 Unknown 
Significance 
Chr5:90086965 A>G % p.(Ile4773Met)  0.095 0.859 21.5 -10.8 0.0001 Unknown 
Significance 
17  SPTBN2 604985 xreZf  i|k§t 
(M$yM) 
Chr11:66455748 C>T % p.(Arg2089Lys)  0.443 0.009 0.037 -6.45 0.0002 Unknown 
Significance 
Chr11:66475070 G>A % p.(Arg524Trp)  0 1 34 4.47 0 Unknown 
Significance 
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